psychrophiles, however, could not be isolated. Temperature and oxygen have striking effects on the growth and metabolism of the psychrophiles. Sugars which are fermented at 20 C may not be fermented at 0 C or gas may not be produced. Under both aerobic and anaerobic conditions, decreases in incubation temperatures increase the duration of the lag, exponential, stationary, and death phases. Elimination of 02 increases the lag period, allows the cells to survive much longer at low temperatures (but accelerates their death at 20 C and higher), and, finally, reduces the extent of growth. M1aximal cell populations are obtained aerobically at 5 C and anaerobically at 25 C.
Growth is most rapid in the range of 20 to 35 C, and maximal growth temperatures range from 25 to 45 C. Neither of these cardinal temperatures is appreciably affected by the presence or absence of 02-Psychrophilic bacteria are those which grow well at 0 C. Their ecology and properties have been reviewed recently (Ingraham and Stokes, 1959) . Virtually all investigations on psychrophilic bacteria have been carried out under aerobic conditions. Muller (1903) appears to be the only investigator to have reported anaerobic growth. His Bacterium A and Bacterium C, gram-negative, nonspore-forming rods, grew both aerobically and anaerobically. In contrast, Straka and Stokes (1960) (Straka and Stokes, 1957) , and were plated onto modified BHI agar.
RESULTS
A total of 83 pure cultures of bacteria was isolated from various foods, soils, sewage, and other substrates by selective enrichment under anaerobic conditions at 0 C. All of the isolates were psychrophiles, since they grew well at 0 C within 2 weeks, and were facultative anaerobes, since they developed both with and without 02; 47 % of the strains were gram-negative rods, 41 % were gram-positive rods, and the remaining 12 % were gram-negative cocci.
Fermentation characteristics. Thirty-two strains were examined for the production of indole and the fermentation of glucose, sucrose, and lactose at 0 and 20 C. Only one strain formed indole, and this occurred at 20 C but not at 0 C. Five strains failed to ferment any of the three sugars at both temperatures; the remaining 28 strains fermented one or more of the sugars, usually with the production of only acid. Several strains formed both acid and gas. Fermentations were much slower at 0 C than at 20 C. Final results were usually available in 2 days at 20 C, whereas at least 7 days and frequently as long as 17 to 29 days were required at 0 C for visible fermentation.
There were some interesting differences in fermentation at the two temperatures. Three strains which fermented glucose at 20 C failed to ferment glucose at 0 C, and seven strains which fermented lactose at 20 C failed to ferment at 0 C despite greatly extended incubation periods. Also, two strains which formed both acid and gas from glucose at 20 C produced only acid at 0 C. Data for five representative strains are given in Table 1 . Metabolic activity at 0 C may be less, therefore, than at higher temperatures, due 0, 5, 15, 20, 25, 30 , and 35 C. The modified BHI broth was used. As previously described, aerobic conditions were maintained by use of shallow layers of broth, and anaerobiosis by use of glass-stoppered bottles. A 1-day-old culture grown at 30 C served as inoculum. The course of growth was followed by means of p)late counts.
To conserve space, data on cell multiplication at only four temperatures, 0, 5, 20, and 35 C, are given in Table 3 , and data on the duration of the various growth phases, generation times, and maximal cell yields at these same temperatures are given in Table 4 . The lag phase lengthened greatly as the incubation temperature was lowered. Aerobically, it lasted for 96 hr at 0 C, but only 3 hr at 35 C. It was longer under anaerobic conditions, continuing for 235 hr at 0 C compared to only 96 hr aerobically. Also, the duration of the exponential phase increased as the incubation temperature decreased. It continued, aerobically, for 288 hr at 0 C, but only 18 hr at 35 C. Its duration was about the same anaerobically as aerobically at 0 C, but shorter anaerobically at 35 C. The stationary phase was also greatly extended at 0 C, but was not very much affected by the presence or absence of 02. The phase of decline or death continued for a much longer period at the lower temperatures and lasted for 638 hr at 0 C, compared to 260 hr at 20 C and 57 hr at 35 C, aerobically. Oxygen had a striking effect on this phase of the growth cycle, in that death of the cells was much more rapid at low temperatures in the presence of 02 than in the absence of 02-This was especially evident at 0 C, where the death phase lasted for 638 hr aerobically and approximately 10 times as long (6144 hr) anaerobically. At 20 C and above, the reverse was true, and cells died more rapidly under anaerobic conditions. Generation times were greatly lengthened at the lower temperatures. The generation time aerobically at 0 C was 1274 min, compared to only 60 min at 35 C. They were influenced somewhat by 2, being longer anaerobically at 0 C and shorter anaerobically at 35 C. The maximal yield of cells, under aerobic conditions, was about twice as large at 0 C compared to that at 35 C, and, in general, was greater at the lower incubation temperatures. In contrast, under anaerobic conditions, the maximal yield of 960 million cells per ml was obtained at 25 C, and the yield decreased as the temperature was either lowered or raised. Also, cell yields were greatly reduced under anaerobic conditions. For example, at 0 C 1200 million cells per ml of culture were obtained aerobically but only 230 million cells per ml anaerobically (approximately one-fifth as many). This is consistent with the fact that much more energy is released by aerobic metabolism. However, because of the slowness of growth at the lower temperatures, a much longer time was required for the cultures to reach maximal populations; 20 days were needed for maximal growth at 0 C, but only 1 day at 35 C.
Although the detailed data for all of the temperatures investigated between 0 and 35 C are not given, the results obtained with the intermediate temperatures are similar to those presented for the four temperatures. However, the temperatures at which transitions occurred were established by the more complete data. Thus, generation times were longer anaerobically than aerobically at the temperatures up to 15 C, and were shorter at 20 C and higher temperatures. Likewise, the transition to a markedly shorter stationary phase, anaerobically, began at 30 C. The change from extended death times anaerobically at lower temperatures to more rapid death at higher temperatures occurred at 20 C. Also Fig. 1 . Also, the complete growth curves for the same organism, aerobically and anaerobically, at 0 and 20 C are shown in Fig.  2 
